For atoms and homonuclear diatomic molecules, it is argued that the electronic energies have the forms E(ZAN) = Z7'3fh(N/Z) + Z613f2(N/Z) + Z5/3f3(N/Z) + * and E(Z,NR) = Z7/3F1(N/Z,N2/3/ZR) + Z6/3F2(N/Z,N2/3/ZR) + ***, respectively, where Z is the atomic number, N is the number of electrons, and R is the internuclear distance. By using the Lieb-Simon theorem that the Thomas-Fermi Density descriptions of atoms and molecules have led to progress in establishing relationships between energy components in molecules. For example, Mucci and March (1) have shown that, in the simplest (Thomas-Fermi) density description, scaling relationships hold between various components, and also they have exhibited specific regularities in the nucleus-nucleus potential energy Vnn. Somewhat differently, Parr and Gadre (2) have proposed homogeneity properties of atomic and molecular energies, again in order to relate energy components.
Density descriptions of atoms and molecules have led to progress in establishing relationships between energy components in molecules. For example, Mucci and March (1) have shown that, in the simplest (Thomas-Fermi) density description, scaling relationships hold between various components, and also they have exhibited specific regularities in the nucleus-nucleus potential energy Vnn. Somewhat differently, Parr and Gadre (2) have proposed homogeneity properties of atomic and molecular energies, again in order to relate energy components.
In this paper, we shall fir'st establish the form of the total energy E(Z,N) for atomic ions with N electrons and nuclear charge Ze, for large Z and N. This is done by expanding the coefficient of 1/Zn in the l/Z expansion in powers of N-'/3 for large N and formally summing the resulting series. Adding to this expansion the necessary requirement that the chemical potential ,u of neutral atoms becomes 0 for large enough Z, we then obtain simple relationships between the separate energy components. We also show that for neutral atoms the chemical potential (electronegativity) must vary grossly with Z as -l/3, and we verify this prediction from actual data.
The argument from the 1/Z expansion is then extended to the case of homonuclear diatomic molecular ions. We make use of a scaling result for the bare nuclear potential established from Thomas-Fermi statistical theory by Dreizler and March (3) . This enables us again to write an expansion in reduced variables which allows relationships to be established between different energy components at equilibrium. By applying the theorem of Teller (4) that there is no molecular binding in the Thomas-Fermi theory, we argue that the nucleus-nucleus potential energy of neutral molecules at equilibrium is O(Z5/3) whereas the other major energy components involve the 7/3 power. [2] which is a power series in N-1'3. Forming en(N)/Zn and summing over n formally leads immediately to E(Z,N) = Z7/3f,(N/Z) + Z2f2(N/Z) + Z5/3f3(N/Z) + *-* [3] As emphasized by March and White (5), the first term is the result of the Thomas-Fermi statistical theory and the function fl(N/Z) is already known from numerical solution of the Thomas-Fermi equation. Although the validity of Eq. 3 has not been strictly proved, we know of no evidence that it is not correct.
We now note that the chemical potential of the ion can be calculated from the formula A = (43E/IN)z. [4] For the Thomas-Fermi neutral atom, it is well known that/u = 0, and it follows by differentiating Eq. 3 that this is equivalent to requiring that f'(N/Z) = 0 at N/Z = 1. Indeed, a stronger result holds: Since the Thomas-Fermi theory is the exact theory as Z approaches infinity (6), the exact expression for x, as calculated from Eqs. 3 and 4 for a neutral atom, must give ,t = 0 in the Z = o limit. This implies that -f' (N/Z)IN/z=1 = 0, n < 5. [5] This property of the functions f (N/Z) has remarkable consequences for the energy components and for the chemical potential, as we shall see.
We can obtain the electron-nucleus potential energy Vne by applying Feynman's theorem in the form [6] V,,, = Z(43E/aIZ)N. Using Eq. 5, we find, for neutral atoms, Vne = (7/3)Z7/3f,(l) + 2Z2f2(1) + (5/3)Z5/3f3(1) + * -. [7] We note that, in higher terms, derivatives of fn enter in accord with Eq. 5.
But the virial theorem tells us that 2T + Vne + Vee = 0, T =-E, Vee = 2E-Vne, [8] We deduce that there is no term of 0(Z2) in the electronelectron repulsion energy. For the chemical potential itself, we obtain, for neutral atoms, = Z-/3fo(l) + Z-2/3f7(1) +*--. [10] Since the chemical potential is the negative of the electronegativity (7), the prediction is that the electronegativity of the elements goes like Z- Substituting, in Eq. 13, of this large N expansion of the coefficients yields
n which can be formally summed to yield
[19] Our main interest being in neutral molecules, for them we can express this in the form [20] which is our major result on the scaling of the homonuclear diatomic energy. As for atoms, the leading term is the selfconsistent Thomas-Fermi answer; that this scales in accord with Eq. 20 is known from the work of Hund (8) and of Townsend and Handler (9) . From and Venni -Z3 -F3(Z1/3Re) + 0(Z4/3).
[26]
The sum of 3 and y must be consistent with Eq. 24 and also there are inequalities since the sign of Vnn must be positive; these are easily written down. For present purposes, suffice it to remark that there is no restriction implied on the magnitude of the ratio #/'y in these expressions for Vee and Vn . This is relevant to the discussion in the following section. In principle, of course, both Vee and Vnn could contain terms ((Z2) if they cancelled to give Eq. 24, but this seems highly unlikely. Our conclusion is that the theorem of Teller establishes for neutral molecules at equilibrium that the nucleus-nucleus potential energy is a smaller term of 0(Z5/3) than the major energy components, of order Z7/3.
We also note that we expect that the equilibrium bond length will take the form from which follows where c = 0.22 for tetrahedral and 0.27 for octahedral molecules. Mucci and March (1) drew attention to the central field model of such molecules where the charge ne was smeared uniformly over the surface of a sphere centered at X, and in particular to the result of March (10, 11) that the equilibrium bond length given by the Thomas-Fermi solution of this model is Re = z-'/3g(n/z).
[31] The existence of binding from the Thomas-Fermi theory is due to the conditions of Teller's theorem not being satisfied by this model, since one cannot dissociate into X and Y atoms in any natural way. Thus, one should be cautious of the prediction of Veq"fl from such a model and the results of Mucci However, it is attractive to use the form of the scaling in Eq. 31 for neutral tetrahedral and octahedral molecules and to write Re = zah(n/z), [32] where the exponent a is to be determined. We next note that if we inspect the plot of Ve"'qu against total number of electrons N(equal to n + z for the neutral molecules under consideration), it can be represented by nn= AN53, A = 3.55 Hartree.
[33]
We comment here that the ln-ln plot of the data of Mucci with the corrections identically zero in the Thomas-Fermi model but not otherwise. Deviations from the 3/2 ratio between total energy and sum of orbital energies are thereby ascribable to deviations from Thomas-Fermi behavior, as has already been pointed out (1, 7) . Tetrahedral and octahedral molecules We pause here to deal with some results for tetrahedral and octahedral molecules, for which Mucci and March (1) have pointed point out regularities in the nucleus-nucleus potential energy Vq"uil. The nucleus-nucleus potential energy, for XYm molecules, with m = 4 or 6, can be written in terms of the charge ze on the central X nucleus, the total charge ne on the outer nuclei (e.g., for CC14, Z = 6 and n = 68), and the X-Y bond length R as
where H(x) = 1 49x .
(1 + X)/3
[36]
By comparing Eqs. 32 and 35 we see that the exponent a in Eq. 32 is 1/3, in contrast to the value -1/3 in Eq. 31 for the central field model. The difference is another manifestation of Teller's theorem, Vn being of order z5/3 in the limit in which z becomes large with n/z tending to a constant. The central field model, in contrast, in the same limit yields Vequl" of order z7/3. We first examine the formula obtained from Eq. 3 by setting N = Z, the neutral atom energy expansion E(Z,Z) = Z7/3f1(1) + Z2f2(1) + Z5/3f3(1) + --.
[37] As already remarked, the term fl(l) is known from the selfconsistent Thomas-Fermi theory, and corrections to that theory yield the approximate form, in hartrees (10) Thus, we have already the approximate estimates f2(1) = 1/2, f3(1) = -0.26. More accurately, we may test Eq. 37 by fitting a formula of this form to Hartree-Fock data (12) . The best three-term least-squares fit for the atoms from Z = 2 to Z = 54 is given by the formula E = -0.7741Z7/3 + 0.5263Z2 -0.3073Z5/3.
[39]
The ii. The separate energy terms Vne and Vee for neutral atoms take the forms of Eqs. 7 and 9, respectively. There is no term of 9(Z2) in Vee.
iii. For homonuclear diatomic molecular ions, the scaling of the energy in Eq. 19 is proposed, the leading term being known again from Thomas-Fermi theory.
iv. The theorem of Teller, that there is no molecular binding in the Thomas-Fermi theory, is interpreted as proving that the nucleus-nucleus potential energy term is a smaller term in powers of the number of electrons N than for the other energy terms. Theory and empirical data strongly suggest that the term Vnn is 0(Z5/3), whereas leading energy terms are O(Z7/3).
v. The theorem of Lieb and Simon, that Thomas-Fermi theory is exact for infinite Z, implies that the chemical potential or electronegativity of neutral atoms goes to zero as Z-'/3 for large Z, which leads to the rule, verified from empirical data: Electronegativity decreases as Z-1/3 as one goes down a column in the periodic table.
